This paper describes the design and development of remote communication system for mines detector robot. This project uses a PIC18F4580 microcontroller to control the robot movements and functions. A metal detector will be attached to the robot. The robot will have two operating modes; automatic and manual mode. In automatic mode, the robot will move according to a predefined track. When the robot is moving, the system produces feedbacks given by the sensors on the robot to the remote computer about the surroundings and when potential land mines are detected. In manual mode, the robot will be fully controlled by the remote computer for decision making process. All the controls and monitoring of data are displayed in a graphical user interface (GUI). The wireless module proposed is the XBee RF modules. The XBee modules were found to perform with optimum data transfer reliability at the range equals to 25% of its maximum communication range.
Introduction
Presently, the countries affected by mines and concerned international organizations are in the process of detection and removal of these landmines but performed process is very slow as the task is done by using human de-miners [1] . From the problem above, the development of landmine detection and removal system has become much urgent in this period of time. Using robots is very much cheaper compared to a human de-miner's life. But still there are many landmines detecting robots have been developed but most of them are quite costly. This will cause a problem to the poor countries whose economics are affected by the war [2] .
Therefore, the purpose of study is to design and develop a robot that is capable of detecting the buried landmines, while enabling the human operator to remotely control the robot from a safe distance. The remote communication system is designed with a graphical user interface (GUI) to simplify the controlling and monitoring task for the human operator. If any problem occurs, the damage will be done on the robot instead of causing death to civilians and the human operator. The robot can be remake in a short time with low cost.
For this project in order to fulfil the requirement of avoiding damage to the human personnel, the human personnel should operate at a safe range where the remote communication should has an operating range more than the lethal range of a land mine. Three types of wireless communication that are usually used for research development projects that require wireless communication system are compared and the most suitable type for this project is proposed. The 1 st type is the Xbee RF Modules, 2 nd is the DTMF Technology, and the 3 rd is the Internet Technology.
The XBee RF Modules are engineered to meet IEEE 802.15.4 standards and support the requirement of low-cost, low-power wireless sensor networks. The modules require minimal power and provide reliable delivery of data between devices. The modules operate within the ISM 2.4 GHz frequency band and are pin-for-pin compatible with each other. The XBee RF Modules interface to a host device through a logic-level asynchronous serial port. Through its serial port, the module can communicate with any logic and voltage compatible UART; or through a level translator to any serial device [3] . XBee wireless communication devices are used to provide short to medium range interaction with the robot. An XBee module that is set up as a coordinator is connected to an XBee Explorer USB adapter and then to the serial port. The other XBee module is set up as router/end device and connects to the microcontroller pins TX and RX (Transmit and Receive).
Another option is to control the robot by a mobile phone (as transmitter) that makes call to the mobile phone (as receiver) attached to the robot. The mobile that makes a call to the mobile phone stacked in the robot acts as a remote. After answering the call, and in the course of the call, if any button is pressed control corresponding to the button pressed is heard at the other end of the call. This tone is called dual tone multi frequency tome (DTMF) [4] . DTMF assigns a specific frequency (consisting of two separate tones) to each key so that it can easily be identified by the electronic circuit [4] . The received tone is processed by a microcontroller with the help of DTMF decoder MT8870 the decoder decodes the DTMF tone in to its equivalent binary digit and this binary number is send to the microcontroller. There is no feedback to the human operator can get about the situation of the robot because the remote control is a mobile phone where it cannot display any feedback from the other end of the line.
The Internet technology here means that the communication will occur through the internet connection. The Internet technology method is uses the TCP/IP (Transmission Control Protocol/Internet Protocol) that is used world-wide for Internet connection [5] . Client-server architecture was chosen for inter-process communications [5] , where the operator computer is the server and the onboard computer is the client. This method of communication device uses the wireless modems to transmit and receive data [5] . For a landmines detecting robot, feedback by the robot about the status of the sensors and the metal detector are transmitted to the client system from robot through internet. This method has unlimited range of communication as long there is internet connection available in the area.
All the three types of remote communication methods can support two way communications.The internet and DTMF method has unlimited communication range and XBee modules has shorter communication range that is up to 100 meters outdoor and 30 meters indoor. But both internet and DTMF methods must have external connection sources such as internet connection or the GSM connection respectively in order to function. The amount controls that are possible to be created by using XBee and internet technology are very high but for the DTMF technology the controls are limited to 16 different controls. The cost of the XBee modules is fairly cheap compared to the other two methods. The protocol complexity of the XBee and the DTMF technology are less compared to the internet technology compared to the internet technology method. Hence, the XBee modules is the most suitable method among the three.
Methodology
The remote communication system consist of a remote computer, the XBee modules and the mine detector robot. The remote computer with a self-designed GUI controls the robot through the XBee modules and receives feedback from the sensor on the robot for monitoring purposes. The feedbacks will be displayed on the GUI. The remote communication system requires two important softwares. The first software is X-CTU and the second is LabVIEW. X-CTU produced by the company Digi International is designed for easy configuring the parameters and settings of the XBee modules. Some required parameters need to be configured are the local and destination address of the XBee Modules. LabVIEW offers an interactive graphical programming language relevant to faculties within engineering and science. In this project, LabVIEW is used to design and develop the GUI for the project. The control and monitoring of the robot will be more convenient and effective since the user can control all the available control on the robot and monitor all the status of the sensors in one screen.
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Figure 1: Overall System of the Project
The user can visualize results from combination of the data collected from the sensors in graphs or charts for easier analysis. This can reduce the time and troublesomeness of changing screen between softwares for control and monitoring.
For the programming part, basically the robot is programmed to have two modes that is the auto mode and the manual mode. Thus, the robot is programmed to move by itself autonomously without human control to search for mines in the Auto mode. When in Auto mode, the communication between the robot and the host computer involves sending sensor status of the robot back to the host computer to be displayed for the user to monitor. For example when the robot detects a potential land mine, the GUI will display an alert signal to the user. Other sensor status from the IR sensors can be also constantly sent back to be displayed for monitoring purposes. In Manual mode, the robot also checks the sensor status and constantly sends back data to the host computer. The robot movements and controls are now controlled by the input from the user at the host computer. The Manual mode is vital because in order to drive the robot to the mine field requires human control and decision. In addtion, if the robot meets any problem or error in performing its task in Auto mode, the user can chang to Manual mode to solve the problem and then allow the robot to resume its task.
Results and Discussions
In the XBee module datasheet, it is stated that the range for indoor is up to 30 meters and outdoor is up to 100 meters. This test is to verify whether the chosen device is performing according to the datasheet. The outdoor test is done at an open air space without any obstacle obstructing the air space between the two XBee modules; whereas the indoor test is done in an area with a wall hindering between the XBee modules. The received signal strength indicator (RSSI) indicates how much is the level of the signal strength of the XBee modules measured in dBm. It was found that the optimum outdoor communication range is up to 23.53% of the maximum range and the indoor optimum communication range is up to 28.57% of the maximum range. Hence the average of the XBee optimum performance is 25%.
For the capability of the remote communication system, the GUI desgisned is able to control the robot's movements, the sensors and the actuators. It is also able to receive feedback from sesnsors on the robot such as the obstacle avoidance sensors, the metal detector circuit and the motor encoder. The feedback data also enables the GUI to draw the movement of the robot and the location of the mine. There is a camera live feed to allow user to see the surroundings of the robot on the mine field. Figure 2 shows the GUI for the remote communication system.
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The cost of this robot is relatively low compared to the ones currently in the market. The robot achieves the objective of detecting the landmines and avoiding obstacles as well as the detected mines. The locations of the mines is displayed on the GUI for the user to know. But with lower cost comes more weakness. The robot is using low cost wireless module that makes the communication range to be short. The location of the robot cannot be calculated accurately because there is no GPS used. This might cause errors to the marked location of the mines. By inserting GPS, the location of the mines can be marked and be tracked back accroding to the coordinates.
Conclusion
The remote communication system developed for the land mines detector robot can perform its task in communicating data with two communications using the XBee RF Modules. The graphical user interface (GUI) has highly increased the efficiency of the remote communication system. The optimum operating range of the XBee modules are at approximately 25% of the maximum operating range of the modules.
